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have the disadvantage of requiring frequent strengthening
{concentration) of the brine.

Brire spray air washers for this type of work must have spe- -

cial eliminators (with more bends than for water sprays) in
order to prevent excessive brine carryover. The air velocity
through the washer should be from 500 to 750 fpm per sq ft of
eliminator face area. The range of brine spray quantities varies
from 2 to 6 gpm per sq ft of cross-sections) area per spray bank.

Some designs call for one spray bank, but most designs use
two spray banks to secure the highest possible degree of satu-
ration. The brine tempemtluc range may vary from2to I0F.

For ordinary cal ton ity of a
brine system may be obtmned by multiplying the gpm circu-
lated by the brine temperature range and endxwdmgby
28 ie., 28 gal deg (1 ton refri ion). The air q
ally runs from 1000 to 1500 cfm per wn re!ngeratwn

Calcium chloride or sodium chloride (salt) is used for brine,
with sodium chloride most common in citrus work because of
its cheapness. Both brines have a lower vapor pressure than
water, and therefore have a drying effect on the air passing
through the washer. Calcium brine has the lower vapor pres-
sure and is the more drying. There may also be a precipitation
of CaCO, from the carbon dioxide in the air. Salt brine will
give fairly high saturation due to the high sir-brine ratio and
the low sodium chloride concentration required. It is not pos-
sible to obtain complete saturation when dehumidifying, espe-
cially with a brine spray, but it can be assumed to be about
95 percent rh for the air leaving a two-bank washer. Cor-
monmustbecaxefullyguudedagmnstwmhawashe:
system and, consequently, a pH value (hydrogen ion concen-
tration) between 7.5 and 8.5 (a pH of 7.0 indicates a neutral
brine) should be maintained for best resnlta.

The refrigerant, most commonly used in orange precooling
work is ammonia. However, ammonia fumes are very injurious
to citrus fruits, and precautions must be taken to eliminate
leaks. It is most desirable to locate the ammonia compressors
and all ammonia-containing vessels in a separate room or
building, tightly closed off from the storage space. Refrigerant
12 is a safer refrigerant, to use for unitary systems with sepa-
rate conditioners in each room, as this refrigerant is not in-
jurious to the fruit. An indirect system using calcium chloride
brine for the cooling units located in the precooler rooms
makes the best unitary system when ammonia is the refriger-
ant. With a central air washer, the brine may be cooled in &
separate shell-and-tube brine cooler, or by direct expansion
coils placed between t.he sprays in the air wn.sher Nom\x.lly
the refr will be th
from the brine temperature.

AR DISTRIBUTION

The quantity of supply air should be based on 3000 cfm for
each car undergomg precooling, plus 1000 ¢fm for each addi-
tional car in storage only. The temperature rise in the supply
air should be small, about 6 to 8 F deg at the beginning to 2 or
3 F deg at the end of precooling. This temperature rise may be
determined mathematically by dividing the sensible heat loss
in Btu per hour by the product of pounds of supply air per
hour and the specific heat (see Ezample 1).

The amount of outdoor air is that required to keep the car-
bon dioxide generated by respiration to the desired minimum
concentration for best keeping qualities of the fruit. The differ-

ence between the supply air quantity and the outdoor. air-

quaatity is the return or recirculated air quantity.
Wooden, wood fiber, or masonry ducts are used in most
msesmmdofsheezmefalwhmhwxuswwtudmtmthe
ditions of an orange precool-
ing mom. Smooth wooden supply ducts are ordinarily de-
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signed for a maximum velocity of 1500 fpm at the fan wity
velocities tapering off in the branches to 800 or 1000 fpm. Fo,
masonry ducts, lower velocities should be used, say 1200 fpr
maximum. Dampers should be easily adjustable with positiong
marked for precooling and storage w quantities. Supply angd
return dampers should be d so as to operate as a unit,
for each room. Damper areas should be based 00 not more

than 1000 fpm air velocity. Dampers are often made of wood. -

Metal dampers and metal transformation pieces or guide
vanes, where required, should be protected with a heavy coat.
ing of bitumastic paint.

In precooling rooms, full height supply and return ducts are
often formed by {alse walls at opposite ends of the room. Open-
mgs are provided near the floor, and another set near the ceil-
ing. Dampers or adjustable slides over the openings in the
supply chamber admit air to the room, and similar dampers
are provided in the return chamber at the opposite end of the
room. The space over the corridor is often utilized for the main
return duct. The boxes of oranges are stacked so that the
bulge or crown leaves an air space in the direction of air flow
from one end of the room to the other. Where practicable the
ducts are run inside the refrigerated space to save insulation,
Ducts which are not inside refrigerated rooms should be in-
sulated with the equivalent of four inches of corkboard.

In the fina! analysis refrigeration for oranges is an air condi-
ﬁoning problem. In designing a plant, careful attention must
be gwen to the following important factors: (1) air volumm,
(2) air temperatures, (3) humidity, (4) ventilation, (5) air dis-
tribution, (6) flexibility, and (7) controls. Consideration of
these factors, in the manner outlined in the text, should result
ina pmperly designed refrigeration plant.

LOAD CALCULATIONS

The heat gain through the exposed walls, floor and ceiling of
thepreeoohngofsmmgemomlsﬁguredm'.hesamemnner
that any refri g or air %z load .is caloul
from the exposed a.lm transmission coefficient and the tem-
perature difference. Insulat.ion should be four inches of cork-
board or other material having an equivalent insulating value.
The heat gain from leakage through the insulation, infiltra-
tion, or outdoor air, fan motors, pump motors, etc. is ealeu-
lated in the usual manner. To these heat gains must be added
the cooling down load for the fruit preeooled each day and the
regpiration load for all the lruxf. held in storag& The fruit and
the boxes should be id the former
has a specific heat of 0.9 and the latter only 0.4. About 90 per-
cent of the cooling down load will be sensible heat and the re-
maining 10 percent latent heat. Ezample ! gives typical calcu-
lations for an orange precooling plant for five cars per day pre-
cooling capacity and 50 cars total storage capaeity.

E: le 1: Tlust: the calculations for a ling plaot
for oranges having space and capacity to huxd!e precooling Df 5
cars of oranges per day. The maximum storage capacity is 50
carloads, The precooling time is 72 br.

Solution. With three days allowed for precooling, maximum
refrigeration load will oocur with 15 cars undergoing sreooolm;.
five cars being loaded in, five cars being loaded out, and 25 cars 12
:tomge Therefore, pmv.d%o rooms. olF five carloads capacity each

or &

Allow 240 ftﬂmrmpercarload Boxes are stacked 3 high
in B? 5 cars) (mmqn) = 1200 sq ft, floor ares per room-{

space required f wil be § X 240 = 1200

for 5 cars
8q ft.
Make rooms 20 X 60 X 1034 ft
at ends, or 20 xﬁftmmﬂooruu
A.Iem.w4m.ofmrkbou~d. With lOmoms, arranged five on
side of a 10 ft corridor, total ref floor ares will be ap-

proximately 100 X 140 ft = 14,000 sq ft. The cubic contents
will be 14,000 X 1034 ft = 147,000 cu ft.
The computations are based on the following conditions:

ug 5 ft for air ducta -

i
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Table 5 ... . Respiration Data for Citrus Fruits

Ourpoor (Sumnmsz) Convrrions Innoon (AU foctors are per 24 he par 2000 I of fruit)
80(24-br avg) Dry-bulb temp, F 38
Wet-bulb temp, F 34.5 Te Sensible hoat Latert faat

5‘3 D:v:bwmt temp, F 32 .?' produced, Biv produced, By

37 Relative bumidity, % 85 =
Oranges 32 900 &

57.6 Grains per Ib 26.5 10 1500

%22 Btu per Ib . 1281 60 5000 348

13.78 Cu ft per Ib 12.57 80 8000 557
Temens i §i0 p

SensisLE Hear Loap Bros gg ‘2;%8 %
t transmitted through the surf: ’ .

%Lﬂu surface areas “&h 480 X 1034 Grapefruit 32 460 %
_msqft floor: llOXlW 14(Xl)sqft 40 1070 198
mdgei]_mg 40 X 100 = 14,000 sq ft. @ pits 19
wals (5040)(0.075)(80 — 36) = 16,000
Floor,

”(14,000)(0.075)(80 — 36) = 45,200 (3) Holding 25 cars at 86 F.

(14,000)(0.075)(80 — 36) = 46,200 (25)(462)(74)(80)
- = 1430
ToraL Transurrrep Hear 109,000 (24)(2000)
Precooling fruit from 80 to 36 F in 5 cars of 462 4) Outdoor air at 10 cfm per car. Load to be based

;(;2 ench mh;su Ib of fsuit per box: Coolmg on% cars. Molstire removal per pouad of. air from
i 24 br. Specific heat is 0.09. Assume 90% of tobe 57.6 to 26.5 .
sensible.

(40)(10)(60)(57.6 — 26.5)(1060) - 8220
(5)(462)(74) (802; 36)(0.09)(0.90) ~ 253,850 (13.78) (7000)
~ La: Hear Loap = 41,300
@) Cooling boxes at 7 Ib each and 0.40 sp bt. Torar Larent Hear S‘”
EUDMEO — 300040 _ L oo Cooina Load Sonukar
24 ) Total sensible heat = 554,075
N ™ Total latent beat = 41,300
(F) Heat from 15 cars at Washer pump motor heat (20 hp) %00
average temperature (sae Ta.ble 5). (20)(254 50,
(16)(462)(74)(4700) _ 50,200 Torsu REFRIGERATION Loap = 646,275
(24)(2000) ’ = 53.9 Tons -
(5) Holding 25 cars at 36 F. NrERNAL SensmLE HEaT LoaD ror ONE PrEcooLING Roox aT
(25)(462)(74){1150) 20.475 ! va-nn(')u:nsﬁzs Caracrry anp TeREB DaYs 10 PrECOOL
(24)(2000) ‘ i T through surfaces = (\/)(109,000) = g,g
,850] = 84,
(6) ToraL InternaL Roou Loap = 445,385 P"‘°°°c . mm(i‘)&&tu ) - lg’%
{7} Qutdoor air: 10 cfm per car far 40 cars. Respiration = (3£)(50 zoO) ,
{40)(10)(60)(0.24)(80 — 36) 18,400 ToraL . =116,200 .

- 13.78
(8) Fan motor (25 hp not in air stream).
25 X 2545 = 63,625

INTERNAL SENsmBLE HEaT Loap ¥or ONE Sroraar Roou
or Frve CanLoans Caracrry:

Tmngmmmn hrough, mrfn)oes = (/1) (109, 000) = 10 900

Toras . = 16,180

29) Subtotal = ’ 527,410
10) Adding 5%, for duct and apparatus Josscs = 26,665
Torar SensiBLs Hear Loap = 554,075

Latent Hear Loap Brua

(1), Precooling 5 cars per day, assuming that 10% of -
load i Intent beat, 4 °

(5)(462)(74)(80 — 36)(0.90)(0.10) -

28,200
24

SenarBLE Hrar GaiN vrou Fax anp Duocr 8
e = 63,625 (Fax) % 28,665 (Dum) 90,290

AR QwAm'n'm.s AND TEMPERATURES

Base supply air quanti on 3000 ofm for each carload under-
going pmoo(mg ;)1 cfm for each ear in storage. Air
qumuty:swbebuedon lsumforpmeoohn&%mfor
storage and 40 cars total for outdoor air.

(2) Respiration for 15 cars per day. See Table 5 and
interpolate for 58 F aversge temperature.

(15)(462)(74) (323)

A AL i 3
(24)(2000) 0

For ling = (15 care)(3000 cfm) = 45,000 fm
For storage = (25 cars){(1000 cfm) =25 (XX) cfm

Total supply air quantity = 70,000 cfm
Qutdoor air gp(fo cars)(10 cfm) = 400 ¢fm

Return air = Supply air — outdoor air = 69,600 ¢fm
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